Study objective-The aim ofthe study was to examine cardiovascular risk factors to see how these might explain differences in cardiovascular disease mortality among Chinese, Malays, and Indians in the Republic of Singapore. Comparisons were made between the respondents, the sample, and the sampling frame, and no major discrepancies were found by age, sex, and ethnic group; the youngest age group had slightly lower response rates than the older ones. 
Design-The study was a population based cross sectional survey. Stratified systematic sampling of census districts, reticulated units, and houses was used. The proportions of Malay and Indian households were increased to improve statistical efficiency, since about 75% ofthe population is Chinese.
Setting-Subjects were recruited from all parts of the Republic of Singapore.
Subjects-2143 subjects aged 18 to 69 years were recruited (representing 60'3% of persons approached). There were no differences in response rate between the sexes and ethnic groups.
Measurements and main results-Data on cardiovascular risk factors were coliected by questionnaire. Measurements were made of blood pressure, serum cholesterol, low and high density lipoprotein cholesterol, fasting triglycerides and plasma glucose. In males the age adjusted cigarette smoking rate was higher in Malays (53-3%) than in Chinese (37-4%) or Indians (44-5%). In Conclusions-The higher mortality from ischaemic heart disease found in Indians in Singapore cannot be explained by the major risk factors of cigarette smoking, blood pressure and serum cholesterol; lower high density lipoprotein cholesterol and higher rates of diabetes may be part of the explanation. The higher systolic blood pressures in Malays may explain their higher hypertensive disease mortality.
In the accompanying paper,' mortality from cardiovascular diseases has been compared among the three major ethnic groups in Singapore. The main findings were that Indians had higher mortality from ischaemic heart disease than Chinese and Malays, while Malays had higher mortality from hypertensive disease, with little differences for cerebrovascular disease. We have carried out a population based cross sectional survey (as part of the Singapore Thyroid and Heart Study) to measure and compare cardiovascular risk factors in the ethnic groups and we report the results of this study here.
Methods

SAMPLE
There was a four stage sampling design. The Comparisons were made between the respondents, the sample, and the sampling frame, and no major discrepancies were found by age, sex, and ethnic group; the youngest age group had slightly lower response rates than the older ones.
PROCEDURES
All clinics were held on Saturday mornings between 0900 and 1200 hours and the subjects were asked to fast from 2100 hours the previous evening. A questionnaire was administered by a field investigator ( 
Ethnic differences were however found for high density lipoprotein cholesterol, Indians having the lowest mean concentrations and Chinese the highest in all age groups for both sexes, the differences being greater for males than females. Age adjusted means in the male 18-69 age group showed that Indians had lower values than Chinese (0-18 mmol/litre, p<0 001) and Malays (0-13 mmol/litre, p<0 001); among the females, Indians also had lower values than Chinese (0 10 mmol/litre, p=0-002) and Malays (0-08 mmol/ litre, p = 0 027). The differences between Malays and Chinese are not statistically significant. Adjustment for body mass index had only a small effect; for males Indians had lower mean concentrations than Chinese (0-17 mmol/litre, p<0001) and Malays (014 mmol/litre, p<0 001), and for females the differences were smaller but still present, Indians having lower values than Chinese (0 05 mmol/litre, p=0 103) and Malays (0 10 mmol/litre, p = 0 009).
PLASMA GLUCOSE AND DIABETES
The frequency distributions of plasma glucose in persons who had fasted for at least 10 h were continuously unimodal with skewing to the right (pregnant Indians had lower high density lipoprotein cholesterol levels than Chinese or Malays (unexplained by obesity) in both males and females, the difference being greater in males; this has also been reported in Indians of both sexes in Trinidad,15 and in females but not males in London. 20 The role of low levels of high density lipoprotein cholesterol as a risk factor for ischaemic heart disease is controversial. It has been a feature of some studies2' 22 but not others.23 24 The lower levels may indicate that Indians remove cholesterol less efficiently and this may explain some of their excess risk from ischaemic heart disease. Obesity does not seem part of the explanation, certainly in males, and while in females Indians have higher body mass indices than Chinese they are similar to the Malays. Alcohol consumption is low compared to Western countries2 and on a population basis is probably not a significant risk factor in any ethnic group. The independent association of serum triglyceride concentrations and ischaemic heart disease is unclear;25 however here again the levels are very similar amongst the ethnic groups.
Hence the higher mortality from ischaemic heart disease found in Singapore for Indians' cannot be explained by conventional major risk factors. The contributions of a greater prevalence of diabetes, especially in males, and lower high density lipoprotein cholesterol concentrations are unclear on present evidence. The conclusion which has been drawn in Trinidad is that the propensity of Indians for ischaemic heart disease is not explained by major coronary risk factors. '6 The explanation for the higher mortality from ischaemic heart disease in Malays relative to Chinese1 can be attributed at least in part to their greater cigarette consumption (in males) and higher systolic blood pressures (only partially explained by obesity differences). In this survey no history was taken of hypertension and drug therapy and there were 15 non-medical observers measuring the blood pressures. 26 The presence of these risk factor differences (cigarette smoking and blood pressure) may explain why the excess mortality from ischaemic heart disease in Malays over Chinese does not decline with age, whereas it does for the Indian excess over Malays and Chinese. ' Higher systolic blood pressures can also explain the Malays' higher mortality from hypertensive disease;' the greater excess in females than males may be due to the fact that Malay females have a lower proportion of the hypertensives on treatment in the oldest age group (50-69 years), though this is not at a statistically significant level. However it is not clear why the higher blood pressures in Malays are not reflected more in cerebrovascular disease mortality where there is little difference by ethnic group;' in most studies hypertension has been found to be the important risk factor for this condition, with the other risk factors for ischaemic heart disease (cigarette smoking, serum lipids) having little effect. 27 It should be noted that persons on antihypertensive therapy were classified as having definite hypertension irrespective of their blood pressure readings in the survey and this should be considered in comparing prevalence rates with other surveys. The proportion of the hypertensives on therapy (48% in males, and 42% in females) is high compared to about 25% found in surveys in the West a few years ago. 28 The finding in this survey that Indians do not have higher blood pressures than Chinese and Malays is in keeping with the finding that their mortality from cerebrovascular disease and hypertensive disease is not higher than in the other two ethnic groups.'
